Introduction
In clinical trials, questionnaires about health-related quality of life (HRQL) are increasingly used as outcomes for evaluating impact of health on patients' lives and effect of treatment [1, 2] . Traditionally, HRQL data has been captured by paper questionnaires. In recent years, electronic collection of HRQL data has evolved as an alternative, and many established paper questionnaires have been converted into electronic equivalents [2] , thus reducing missing and ambiguous data as well as the time-con-suming effort of manual typing [2] . Electronic data collection can be made accessible through the Internet, and might thus be more convenient for the respondent [3] .
ThyPRO is a patient-reported outcomes questionnaire measuring HRQL in patients with benign thyroid disorders. The paper version of the questionnaire has been shown to be valid and reliable and is recommended for use in clinical trials [4, 5] . An electronic version of the ThyPRO has recently been developed. For the electronic questionnaire to be used interchangeably with the validated paper questionnaire, it must apply to the same standards as the original questionnaire in terms of measurement properties. A general concern has been that the outcome might not be equivalent to the paper version [1] . Lack of equivalence might arise from insufficient experience with electronic devices. Also, the electronic version might appear graphically different (e.g. font size, radio buttons), which could increase measurement error. Researchers can aim at reducing these differences, but can never fully control the graphical appearance because it depends on respondent screen size, screen, and browser settings [6] . There is also concern about a more direct effect on outcomes, which might be caused by systematic differences in response patterns [3] . Also, response bias might occur because characteristics of (non)responders may differ between the two modes, leading to indirect effects on score outcome. For example, Mayr et al. [7] found that participants responding electronically were younger, better educated, and more often male, compared with participants preferring the paper-and-pencil version, but after adjusting for this bias there was no direct effect on outcome scales.
A wide variety of studies have previously shown good equivalence between electronic and paper questionnaires [2, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] , but it is still generally recommended to evaluate measurement properties of the electronic version separately, rather than expecting validations of the paper version to a priori be extrapolated to the electronic version [1, 3] . Thus, the aim of the present study was to assess the equivalence between the paper version and the electronic version of the ThyPRO questionnaire [1] .
Methods

Study Population
We included patients with a diagnosis of Graves' hyperthyroidism or autoimmune hypothyroidism who were in a clinically stable phase of their disease and who had a valid e-mail address and access to the Internet at home. Clinically stable phase was based on an overall clinical judgment, including symptomatology (no symptoms or sign of overt thyroid dysfunction), biochemistry (euthyroid or judged to remain at the current state of thyroid function), and treatment (e.g. no newly instituted thyroid treatment). Thus, patients were excluded if they were newly diagnosed, pregnant, with significant comorbidity, less than 18 years of age, or not fluent in Danish.
Patients were recruited from the endocrine outpatient clinics at Copenhagen University Hospital Rigshospitalet (RH; May 2012 to October 2013) and Aarhus University Hospital (AUH; May 2012 to March 2013). Patients with autoimmune hypothyroidism were only included between May 2012 and October 2012. Patients were recruited in two ways. Clinicians at AUH included eligible patients when they were visiting the outpatient clinic. At RH, eligible patients were identified in electronic patient files and approached by telephone.
All patients gave their oral informed consent. According to Danish law, patient-reported outcomes research does not require and thus cannot obtain approval by ethical committees, and a completed questionnaire is regarded as consent. The study was approved by the Danish Data Protection Agency (case file 30-0679) and conducted in accordance with the Declarations of Helsinki.
Study Procedure
The study applied a randomized cross-over test-retest design. At the time of inclusion, patients were assigned a serial number. The serial numbers were beforehand randomly coupled to one of two groups, determining the order of questionnaire completion. The clinical staff was not blinded to the result of the randomization. Included patients received the paper questionnaire and a letter with instructions as to which questionnaire to complete first. These items were handed over to the patients at AUH and sent by postal mail at RH.
Patients assigned to group 1 first completed the paper questionnaire. After 14 days they received an email with a link to the electronic questionnaire, along with a completion instruction. Patients assigned to group 2 first completed the electronic questionnaire, as described for group 1. After 14 days they received an email with instructions to complete and return the paper questionnaire. Fourteen days after completing the second questionnaire, the patients in both groups completed an electronic questionnaire about sociodemographic data.
Patient-Reported Outcome
ThyPRO is self-administered and measures HRQL with 13 scales, covering physical and mental symptoms, well-being, and function, as well as impact of thyroid disease on participation (i.e. social and daily life) and overall HRQL [4, 5] . It consists of 85 items and, on average, takes 14 min to complete. Each scale ranges from 0 to 100 with increasing scores indicating more symptoms or greater impact of disease.
Survey Conduction
The electronic questionnaire was developed in and administered via the software system SurveyXact [18] . It was developed to resemble the original paper version as closely as possible, but one change was made -items concerning physical symptoms spanned three pages, in contrast to only two pages in the paper version, to avoid need for scrolling.
Patients were only allowed to choose one response option in the electronic version. When one or more items were unanswered, the respondent was prompted to go back and complete all items. However, the respondent was also given the option to continue to the next page, in order to keep it equivalent to the paper version, where patients may choose not to complete particular items. If two adjacent responses were marked in a paper questionnaire, one of the two was randomly picked. Data from all paper questionnaires were manually entered twice, to reduce typing errors.
Patients who did not answer the electronic questionnaire were sent an electronic reminder 3 days after they had received the questionnaire, and again after 6 days if they still had not responded. Similarly, patients who did not answer the paper questionnaire were sent an electronic reminder after 7 and 12 days, respectively.
Clinical, descriptive data were stored in a SAS database and all data were stored on a secured server.
Statistical Analyses
Data management and analyses were conducted with SAS 9.3. Level of agreement was evaluated by intraclass correlation coefficients (ICCs), ranging from 0 to 1. When assessing agreement, an ICC of 0.61 and above is considered 'substantial', and a value of 0.81 and above is considered 'almost perfect' [19] . ICCs take into account random error, between-subject variability, and withinsubject variability. It also takes systematic error into account, which makes it the most suitable measure of agreement [2] .
To assess the magnitude of a possible systematic error, we also compared the mean difference of scale scores between paper and electronic responses (paper minus electronic) with a paired t test. Order effects were tested by an independent t test comparing the difference in scale score between time 1 and time 2 in the two groups.
Data were evaluated graphically by Bland-Altman plots of the scale scores [20] . This was done by plotting the score difference (paper minus electronic) against the average paper and electronic score for each individual, including 95% limits of agreement (LOA) calculated by 1.96 SD diff . LOA then indicates how well the two methods agree. It allows further analysis of the data because it separates the systematic bias from the random error. Furthermore, it is possible to see the direction of any possible bias as well as outliers. We compared the Bland-Altman plots with plots of the data from a previous test-retest study of the paper version of ThyPRO [5] , which applied a similar design.
Results
A total of 191 eligible patients were invited to participate. Of these, 176 accepted the invitation and 120 completed both questionnaires, corresponding to a response rate of 68%. Some lacking responses were caused by an initial breakdown of the email delivery system, which caused some mails to be sent out too late. The completion rates were similar in both groups: 69% for the electronicfirst group versus 67% for the paper-first group. Fifteen of the 120 patients who completed both questionnaires were excluded because they did not respond to the two questionnaires within the predefined time interval of 10-25 days. One patient was excluded because she became pregnant. Thus, the final sample comprised 104 patients ( fig. 1 ). No differences in scale score levels between the compliant sample and the dropouts were found (unpaired t test). Table 1 shows the characteristics of the study population. Seventy-three of the included patients were diagnosed with Graves' disease, and 31 were diagnosed with autoimmune hypothyroidism. As shown in table 2 , all ICCs were above 0.70, and all but 3 were above 0.81.
There was no difference in score level between the two administration modes, except for the Cosmetic complaints scale, where the mean score with the electronic mode was 2.5 points (on a scale of 0-100) higher than the paper mode. For the same scale, a significant order effect was identified, in that the score difference was 4.7 points higher in group 2 versus group 1 (p = 0.0021). Figure 2 shows the Bland-Altman plots with LOA from both the present study and the previous test-retest study of the paper version of ThyPRO. As shown, no patterns indicating nonuniformity of disagreement was found; the LOAs were similar to those of the paper-paper study and were around ±20-30 points in magnitude.
Discussion
In this study, our goal was to evaluate the equivalence of the electronic and paper versions of ThyPRO. The results showed generally good ICCs -all but 3 (out of 13) were above 0.81. In concordance with our results, a previous study reported generally high ICCs when it came to the paper-paper test-retest of the ThyPRO questionnaire [5] . The previous study was conducted in a different population of patients with a larger number of benign thyroid diagnoses and with different inclusion criteria. The results are thus not directly comparable since the ICC is dependent on the between-subjects variability of the sample. Despite this, the similarity of the study results supports that the two modes can be used interchangeably [2] . Variation between the electronic and paper scores thus most likely reflect random variation due to the test-retest setup, and not attribution of differences between the two modes. We chose the same time interval (10-25 days) as in the previous study, so any time-related difference should be similar.
The differences in score between the electronic and paper administration were insignificant, except for the cosmetic complaints scale. However, the difference in mean score was small (2.5 on a scale of 0-100) and most likely clinically insignificant, and the methods might agree very well, even if there is a small bias [21] .
The Bland-Altman plots provide a visual impression of the agreement in each subject ( fig. 2 ) . Two basic assumptions must be fulfilled to correctly analyze the Bland-Altman plots: difference between the methods must be constant, i.e. zero slope, and constant variance of measures across the entire range of measures, i.e. homoscedasticity [20] . Based on a visual impression of the plots, these assumptions are most probably fulfilled on all scales. Levels of agreement from the current study were also similar to those from paper-paper agreement tests, suggesting that the identified range represents the inherent variability of ThyPRO and over time, and not systematic errors attributable to different modes. There might be some true change incorporated in the LOA caused by nonstable clinical conditions within the patients. Thus, some of the constructs under investigation might have truly changed during the 2 weeks. This might especially be the case of the mental state scales since the patients were primarily evaluated by their clinical stability, not their mental state.
Other studies investigating agreement between electronic and paper questionnaires have chosen a wide vari- (27) Values are given as n (%), means ± SD, or medians (range). ety of time intervals since there are no established standards. We chose a time interval of 2 weeks because this made it possible to compare our results with a previous paper-paper reliability study of ThyPRO, but a shorter interval might have produced higher agreement due to less change. All things considered, the results of our study suggest that the paper and electronic version of ThyPRO can be used interchangeably and produce identical results. The results of this study are consistent with most other studies of comparisons between the two administration formats [2, 6, 9-15, 17, 22-28] .
The strength of our study is a well-characterized study population and a relevant study design with an adequate, similarly designed study for comparison. The randomized cross-over design minimizes potential practice effects in a test-retest study. Also, the statistical analyses are among those recommended to establish agreement [1] . Bland-Altman plots of the 13 ThyPRO scales. The horizontal axis is the mean score of the paper (P) and electronic (E) questionnaires ((P + E)/2). The vertical axis is the difference in score between the P and E questionnaires (P -E). The solid horizontal gray lines are the LOA of the present study, whereas the punctuated gray lines represent the LOA from a previous P-P test-retest study of ThyPRO.
The clinical stability of the patients was evaluated according to the most recent evaluation of patients in our outpatient clinics. However, some of these were assessed several months prior to study inclusion. Thus, we cannot exclude that some patients may have been less stable than assumed, which may have contributed to a higher variability. However, as our study showed a good concordance between the two time points of assessments, we believe that such unrecognized lack of stability in disease activity of the patients is only of minor importance to our findings. We only included two subpopulations of thyroid patients, and the sample might be younger and more educated than the general population. All included patients reported themselves as being skilled or highly skilled computer and Internet users, and they all reported using a computer every day or nearly every day. This may have limited our power to detect any differences. However, previous studies have not found any differences between response patterns based on age, education, or income [3, 13, 22] . There was considerable attrition between the first and second questionnaire assessments, but our attrition analysis did not show any significant differences in responses between the two groups (data not shown). Finally, an important limitation to be noted is that our study did not provide information on whether differences exist between populations with access to or no access to a computer (and the Internet). If so, selection bias may apply if a questionnaire is administered using only an electronic version.
To conclude, we found adequate agreement between the paper and electronic version of ThyPRO, which suggests that the electronic version of ThyPRO can be used without compromising the psychometric quality of the data and that data from the two modes can be combined without taking mode of administration into account. When appropriate, data collection can offer both modes of administration and in this setting the paper and electronic questionnaire can be used interchangeably according to individual patient visits, and thus facilitate participation and compliance.
